Two flagellates of the family trypanosomatidae were isolated from the fruits of Lycopersicon esculentum (tomato) and Annona cherimolia (cherimoya) in the southeastern region of Spain. The isolates were characterized by isoenzyme analysis using nine different isoenzymes and by analysis of kinetoplast DNA (kDNA) restriction fragment length polymorphism using four different restriction endonucleases. Most of the isoenzymes were unable to distinguish between the two fruit isolates, while they were all able to distinguish these two from four other Phytomonus isolates, three of which were from laticiferous plants, i.e. Euphorbiu characius, E. hirtu and E. hyssopifoliu, and one was a phloem-restricted isolate associated with Hartrot disease. Only the enzyme superoxide dismutase was able to differentiate between the two fruit isolates. Electrophoretic and restriction endonuclease analysis of kDNA minicircles, using four restriction enzymes, showed similar if not identical restriction cleavage patterns of the minicircles of the two isolates from fruits, while the patterns were different for the other isolates. These results confirm the hypothesis that the two isolates from fruits constitute a group of trypanosomatids that are the same or closely related and that this group can parasitize more than one host plant.
Introduction
Plant trypanosomatids belong to the genus Phytomonas. Many efforts have been made to characterize this genus, particularly because these parasites affect plants of economic importance such as oil palms, coconuts, coffee and cassava [l] . Flagellates are also found in many edible fruits and seeds. They can parasitize many plants without inducing any apparent pathogenesis [2] .
Descriptions of new species of Phytomonas have traditionally been based on morphology and host origin. But these criteria are at present considered insufficient for the identification of trypanosomatids. Furthermore, the fact that the flagellates parasitize different host plants does not necessarily indicate different parasite species, given that trypanosomatids isolated from one plant species have been used experimentally to infect and colonize other plant spe-ties [3] . Trypanosomatids of plants are transmitted by the bite of phytophagous hemipterans, as suggested by experimental and epidemiological evidence, and many of these insects are found to be naturally infected by trypanosomatids [4] . Electrophoretic separation of isoenzymes has been used widely as a procedure to identify trypanosomatids [5] ; this technique has also been used in the characterization and the study of variability of flagellates of plants [6, 7] .
As in all members of the family Trypanosomatidae, plant trypanosomatids possess a kinetoplast containing DNA (kDNA) [8] , composed of a few maxicircles and primarily of minicircles. The minicircles of the various trypanosome species have different properties and their kDNA restriction digest patterns have been used successfully to characterize and identify several plant trypanosomatids [9, lo] . Recently, our research team has succeeded in the isolation and in vitro culture of flagellates isolated from the fruits of tomato (grown in greenhouses) and cherimoya (grown in external crops), both in southeastern Spain [l I] . In the present work, both isolates have been characterized by isoenzyme studies as well as by the analysis of kDNA restriction fragment length polymorphism, using different restriction endonucleases.
Determining whether isolates can be differentiated by these techniques should allow us to confirm that a given flagellate can parasitize different host plants.
Materials and methods

Organisms and in vitro culture
The following Phytomonas stocks were examined : three strains isolated from laticiferous plants, Euphorbia characias (Echl) [l] , E. hirta from India (Ehi-In) and E. h_vssopifolia from French Guiana (Ehy) [12] , one phloem-restricted Phytomonas associated with Hartrot disease (Hartl) [13] and two Phytomonas isolated and cloned from tomato (Tom) and cherimoya (Che) fruits [l 11 . All in vitro culture was performed using Grace's insect medium (Sigma) supplemented with 10% fetal calf serum (FCS) and cultures were maintained at 28°C.
Isoenzyme analysis
For the preparation of homogenates, 25 ml of culture medium with 2 x lo7 cells ml-' were centrifuged at 1500 Xg for 10 min, washed twice in a phosphate-buffered saline at pH 7.0, resuspended in a hypotonic enzyme stabilizer containing 2 mM dithiothreitol, 2 mM E-aminocaproic acid and 2 mM EDTA [14] , and finally frozen at -80°C for 15 min and then thawed at 25°C; this process was repeated several times. Next, cell lysates were centrifuged at 8000 Xg for 20 min at 4°C and the supernatants were stored in liquid nitrogen until used. The protein concentration was determined by the Bio-rad method and stored at a final concentration of 1 mg (ml of protein)-'.
The enzymes were separated by isoelectric focusing in a PhastSystem apparatus (Pharmacia-LKB), using Phas-gel@ IEF 3-9 (Pharmacia-LKB).
The following enzymes were tested: malic enzyme (ME) [EC 1.1 . 
Kinetoplast DNA isolation, restriction enzyme digestion and electrophoretic analysis
Cells were collected by centrifugation of 300 ml of culture medium, after about 7 days, when their concentration had reached about 2X lo7 cells ml-', and were washed twice in 50 ml of 0.15 M NaCl, 0.015 M Na citrate and once with SE buffer (0.15 M NaCl, 0.1 M EDTA, pH 8.0). Kinetoplast DNA was obtained according to the procedure described by Goncalves et al. [16] .
kDNA extracts (1 pg ml-t) were digested to completion with restriction endonucleases (MspIIHpaII, BmyI, HaeIII and Hi&I) according to the manufacturer's prescribed buffer conditions (Boehringer). The digestion products were electrophoresed in 1.5% agarose slab gels as described [17] and the fragment sizes were estimated by comparing their mobilities with those of a 1 kb DNA ladder (Gibco BRL). The gels were stained with ethidium bromide (10 pg ml-' for 10 min) and photographed under UV light with a Polaroid camera (665 film).
Results
For most of the enzymes used, the isolates from tomato and cherimoya fruits could be differentiated from the other strains (Fig. 1) . With MDH and AK it was possible to distinguish most strains from each other, but the isolates from fruits could not be dis-C'. Fm&tduz-Brcrrru ct al. I FEMS Mtcrohiolog~ Lrtters 145 (1996) tinguished from the Phytomonas isolated from phloem. ME showed different isoenzyme profiles for all the isolates used, except for the two Phytomonus isolates from cherimoya and tomato. Only SOD was able to differentiate between the two fruit isolates (Fig. 2) . Kinetoplast DNA from six Phytomonus isolates was purified and then digested with four restriction enzymes (HueHI, Bmyl, HidI and MspIIHpaII). Electrophoresis using agarose gel revealed that while intact kDNA was not able to penetrate the gel (Fig.   3 , lane 26) the smaller DNA restriction fragments that resulted after digestion did penetrate the gel and a complete cleavage of kDNA by the endonucleases was characterized by a total disappearance of DNA from the top of the gel.
When Phytomonas strains isolated from tomato and cherimoya fruits were incubated with endonucleases A4spIIHpaI1, Hi&I and HueIII (Fig. 3, lanes  11, 12, 17 , 18, 23 and 24), they were fully cleaved, providing numerous DNA fragments of which the sum of lengths was much higher than the length of the minicircles of approximately 1.6 kb [lo] . The degree of heterogeneity was higher for the minicircles from the tomato and cherimoya isolates than for the minicircles of the E. hirta, E. churucias and E. hyssopifoliu isolates. By contrast, the Hart1 minicircles were found to be homogeneous in sequence for the restriction enzymes tested, as previously reported [9] .
The restriction cleavage patterns also reveal the presence of very faint bands corresponding to molecules with a high molecular mass (ranging from 20 to 5 kb), these are probably cleaved maxicircles (Fig. 3,  lanes 8, 10-12 ).
Discussion
Recently, we have isolated two protozoan flagellates from tomato and cherimoya fruits. In a preliminary report, an attempt was made to differentiate trypanosomatids by ultrastructure and lectin agglutination tests, but without success [l 11 .
To characterize the plant trypanosomatids in this study, we have electrophoretically analyzed the isoenzymes by isoelectric focusing, which is a high resolution technique for the separation of proteins on the basis of their isoelectric points. Our results indicate that by applying this method, it is possible to distinguish flagellates which have been isolated from different hosts.
On examining the profiles of six strains using nine isoenzyme systems, it is apparent that they correspond to 10 loci. For most of the enzymes tested the two fruit isolates presented identical isoenzyme profiles. Moreover the two isolates were clearly distinct from the other strains studied. The isolates from Euphorbiaceae generally have highly similar electrophoretic profiles, as was found for our isolates. As in previous studies [5, 18] , ME was the only enzyme that was able to discriminate between all the isolates assayed, other than the two fruit isolates. SOD differentiated not only our isolates from the reference ones, but was also the only enzyme that distinguished the fruit isolates from one another. The flagellates isolated from tomato showed a SOD band with p1 8.5, which was not present in the profile shown by the samples derived from the cherimoya fruits.
The differences in isoenzyme patterns observed between the fruit isolates of the tomato and cherimoya are not sufficiently significant to allow us to consider these isolates different strains. Therefore, we have used the comparison of restriction endonuclease-generated fragments of kDNA as a criterion for the characterization of these isolates. kDNA minicircle characterization has been useful in distinguishing between species of trypanosomatids and even between strains within the same species. In Trypanosoma cruzi, different subpopulations were identified from their typical restriction cleavage patterns of minicircles, and this has provided useful information in phylogenetic and epidemiological studies of Chagas' disease [19] .
Phytomonas isolated from tomato and cherimoya differed from the others already described, and used here as controls, with respect to the electrophoretic band patterns of their kDNA obtained with most the restriction enzymes tested (HinfI, HaeIII and MspIl HpaII). They presented many restriction bands below the size of the minicircle of 1.6 kb, indicating a high heterogeneity in the sequence, as previously reported for other trypanosomatids [20, 21] . Distinction between tomato and cherimoya strains was not possible, however, as they showed similar, if not identical, profiles.
A number of authors have used the above methods to differentiate strains isolated from different plant species [6, [8] [9] [10] 181 . The almost identical profiles of tomato and cherimoya, obtained by both isoenzymatic and kDNA analysis, confirm the hypothesis previously put forward that these two strains constitute a group of fruit trypanosomatids which are phylogenetically closer to each other than to other Phytomonas [7] . These results bolster the idea that certain ostensibly different plant diseases have a common causative agent [ll] , and may well be transmitted by one or even several vectors capable of biting different plants in disparate locations. By the same token, these results confirm the fact that the same flagellate can parasitize different plants P,lOl.
On the basis of these observations, we conclude that the isolates from tomato and cherimoya fruits represent a single organism which is clearly distinct from those species isolated from Euphorbia plants and from coconut palm. It will be necessary to obtain more information on the life cycle of these flagellates including the possible vectors involved in the transmission, before we can classify these trypanosomatids formally.
